ABSTRACT
INTRODUCTION
The detection of urea is of great interest in biomedical and clinical analysis application. Indeed, an interest of urea concentration in blood and a reduced level of urine is a strong indication of renal failure. The normal urea level in urine is between 12 up to 20 g/24 h [1] . The determination of urea is generally performed with enzyme-based biosensor. The biosensor is a device which is combining a sensor and a biochemical reaction. That constructed by three parts are bioactive, transducer, and detector. The bioactive is a molecule reacted specifically with analyze and resulted a compound or ion which is detected by transducers. Kind of electrochemical transducers are conductometry, amperometry and potentiometry [2] . Based on above explanation, the biosensor is a high selectivity device, so in this work were developed the construction of potentiometric urea biosensor.
The detection principle is based on hydrolysis of urea catalyzed by urease to product NH 3 and CO 2 [3] . 
Generally, the potentiometric urea biosensor is developed using a NH 3 sensor as a transducer [4] [5] [6] and urease immobilized on polycarbamolysulfonate [4] [5] , polycarbonate [7] and gelatin [8] which is NH 3 selective membranes. Based on urea hydrolysis, the construction of urea biosensor can be made using a CO 2 [9] .
One of the CO 2 selective membrane is chitosan, because that has a -NH 2 (amine) group, so that is basic, moreover that easier interaction with an acid, like CO 2 [10] . The chitosan membrane was used as an enzyme immobilization media on development of biosensor potentiometric uric acid [11] . The kind of membrane is affecting to the biosensor performance, because that is affecting to urease activity. Chitosan can be made a porous membrane by adding glutaraldehyde that hoped the activity of immobilized enzyme would not change relatively [12] . Therefore, in this work we developed potentiometric biosensor urea using H 3 
Equation (6) is the cell potential of urea biosensor. Production of urea hydrolysis catalyzed urease is affecting number and activity of immobilized enzyme. Therefore, the media and immobilization technique, also the pH solution, these are affecting factors to the performance of the biosensor. The immobilized urease will be increase linearly with increasing of membrane thickness. However, the higher membrane thickness, the slower the diffusion rate of the urea hydrolysis product to the transducer [14] . Because of that, in this research was studied the pH solution and thickness of chitosan membrane which effects the performance of potentiometric urea biosensor.
In these research, urease isolated from Schizosaccharomyces pombe 3054, the free enzyme has V m = 0.4046 μmol/min and K M = 0.2065 mM, at pH 8. The urease immobilized on chitosan membrane has V m = 0.02 μmol/min and K M = 15.94 mM, at pH 7.3. The urea biosensor has its best performance at pH 7.3 and 0.21 mm thickness of membrane. That biosensor has a Nernstian factor of 28.40 mV/decade, range of urea concentration between 0.1 up to 6 ppm (1.7.10 
EXPERIMENTAL SECTION Materials
All the chemicals were of analytical-reagent grade and all solutions were prepared with distilled water. Reagents were used from Merck, urea, chitosan, glutaraldehyde, acetic acid, phosphate buffer (7-8.5), and sodium hydroxide. Urease was isolated from Schizosaccharomyces pombe 3054 (7mg/mL).
Instrumentation
The instruments were used Schoot-Gerate pHmeter CG.820, H 3 O + glass electrode, magnetic stirrer, glass plates, and commonly glassware laboratory.
Procedure

Preparation of chitosan membranes [15]
The 0.10 g of chitosan powder is dissolved in 10 mL acetic acid 0.8% (v/v), stirred over night at room temperature. To the chitosan solution is added one drop of glutaraldehyde 1% (v/v), stirred up to 2 h. The chitosan cast on glass plates from a measured volume per surface area of 0.34 mL/cm 2 and dried for 1-2 h at 50°C . The membranes were neutralized with a 1% (b/v) sodium hydroxide solution for 30 min and washed with water. The membranes were kept under water before use for enzyme immobilization.
Immobilization of Urease [11]
The membranes were dipped in a pH 4 acetic acid, washed with water and then left overnight at 4°C, in contact with a 5 mL urease solution containing 7 mg/mL of enzyme in a pH 8.0 phosphate buffer. The next day, the membranes were washed with water kept in a pH 8.0 phosphate buffer until used.
Potential Measurement
The chitosan membranes with the immobilized urease were coated on the surface of a H 3 O
RESULT AND DISCUSSION
Effect of pH urea solutions
The urea biosensors were evaluated using 10 (Fig.  1 ). This indicates, that the produce of urea hydrolysis that are diffused to the transducer surface, is CO 2 . The CO 2 is easier to diffuse than NH 3 , because the chitosan membrane is basic. The NH 3 from hydrolysis of urea increases the diffusion of CO 2 through the chitosan membrane [10] . 1 show the differences of cell potential at the pH 7-8.5, that is caused by the differences of enzyme activity. The highest potential difference is resulted at a pH 7.3, so that indicates the pH optimum, in that condition activity of urease immobilized is at maximum. The CO 2 has highest solubility at pH 7 up to 8.5, so at the pH 7.3 the CO 2 from urea hydrolysis change completely to form H 3 O + and HCO 3 - [16] . At the pH 7.3, also resulted a maximum Nernstian factor is 27.4 mV/decade (Fig. 2) . Kinetically, the rate of urea hydrolysis is fastest at the pH 7.3 so the CO 2 production is highest. The Nernstian factor is one of the parameter of potentiometric biosensor performance.
It can be concluded that the pH of urea solution affects the performance of urea biosensor. The maximum biosensor performance is resulted at pH 7.3. In that condition, the biosensor responds to an urea concentration between10 
Effect of chitosan membrane thickness
The results of this research show that the thickness of chitosan membrane affects the urea biosensor performance. Theoretically, the Nernstian factor has a linear correlation with the immobilized urease, however the Nernstian factors, presented in Table 1 , are opposite with the theory. The best of Nernstian factor is obtained by the most thinness of membrane, 0.21 mm, with the minimum urease immobilized. The increase of enzyme density causes the decrease of the diffusion rate of CO 2 . Since the CO 2 reaches the transducer surface is decreased, the biosensor sensitivity will also decrease.
It can be concluded that the membrane thickness is one of the important factors to the biosensor sensitivity. The immobilized urease affects the reaction rate, but the product must be diffused to the transducer surface. The diffusion rate is opposite to the membrane thickness. The concentration of immobilized urease on the chitosan membrane is one of the significant factors in biosensor development. That can be controlled by adjusting the free enzyme concentration.
Character of Urea Biosensor
Response time is one of the important biosensor characteristic, determining the response time is obtained by 0.06; 0.1; 0.6; 1.0; and 6.0 ppm urea. The correlation of measurement time with biosensor potential is presented in Fig. 3 that show the response time depends on the concentration of urea. The response time at lower urea concentration is longer than at higher concentration. That is indicated kinetically, the product of CO 2 depends on the urea concentration. It can be concluded, that the biosensor sensitivity is highest, when the range of urea concentration is less than K M of immobilized urease [2, 13] . The response time of urea biosensor is 280 sec. The Nernstian factor will change if the biosensor is used repeatedly, which is caused by releasing the enzyme from chitosan membranes. The highest Nernstian factor is obtained by measuring of second times urea solutions (0.0-10.00 ppm), that is presented in Table 2 . The Nernstian factors in Table 2 were resulted from Fig. 4 at 0.06-6.00 ppm urea concentrations. Since some of the urease on the chitosan membranes was released, the diffusion rate of CO 2 increases. The detection of CO 2 at the transducer is than higher at similar urea concentration at second times measurements. The Nernstian factor decreases at third times, which is caused by a decrease of immobilized urease. Therefore the biosensor has good performance for 32 urea solutions.
Urea biosensor was used to measure urea levels in urine samples, there were compared with data from medical laboratory. Urea levels obtained by biosensor have a relative error 0.28 up to 8.15% (Table 3 ). The relative error at 100 times dilution is less then at 10 times dilution. It is caused by impurities in urine samples like calcium oxalate, epithel and blood cell [17] , which hinders the porosity of the membranes, therefore the interaction of urea with enzyme was decreased. Impurities concentrations are less at the dilution 100 than 10 times. The relative error is different for all samples, depending on concentration and type of impurities. The impurities can be eliminated by centrifugation or filtration of samples before sample measurement.
